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the mandibular incisors of irradiated rats
Abstract: The purpose of this study was to perform a microcomputed 
tomographic evaluation of the radioprotective effect of resveratrol on 
the volume of mandibular incisors of irradiated rats. A second aim 
was to make a quantitative assessment of the effect of x-ray exposure 
on these dental tissues. Twenty adult male rats were divided into 
four groups: control, irradiated control, resveratrol, and irradiated 
resveratrol. The resveratrol groups received 100 mg/kg of resveratrol, 
whereas the irradiated groups were exposed to 15 Gy of irradiation. 
The animals were sacrificed 30 days after the irradiation procedure, 
and their mandibles were removed and scanned in a microcomputed 
tomography unit. The images were loaded into Mimics software to allow 
segmentation of the mandibular incisor and assessment of its volume. 
The results were compared by One-way ANOVA and Tukey’s post hoc 
test, considering a 5% significance level. The irradiated groups showed 
significantly diminished volumes of the evaluated teeth, as compared 
with the control group (p < 0.05). The resveratrol group presented higher 
values than those of the irradiated groups, and volumes similar to those 
of the control group. High radiation doses significantly affected tooth 
formation, resulting in alterations in the dental structure, and thus lower 
volumes. Moreover, resveratrol showed no effective radioprotective 
impact on dental tissues. Future studies are needed to evaluate different 
concentrations of this substance, in an endeavor to verify its potential as 
a radioprotector for these dental tissues.
Keywords: Odontogenesis; Radiation-Protective Agents; Radiation 
Injuries; X-Ray Microtomography.
Introduction
Radiation treatment, surgical procedures and chemotherapy are the 
main treatments for neoplasms of the head and neck region.1 In the case of 
radiotherapy, the result of these treatments is the formation of free radicals, 
leading to ionization and deleterious effects on the cells of many normal, 
uninvolved tissues. Examples of structures that receive significant doses 
of radiation include the salivary glands, the oral mucosa and the teeth.
Changes in odontogenesis may occur in patients undergoing head and 
neck radiotherapy during tooth formation, such as children with neoplastic 
diseases.2 These alterations include enamel hypoplasia, interference in 
enamel organ development and tooth formation, in addition to microdontia 
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and changes in root formation, such as interruption, 
thinning and enlargement of the pulp chamber. The 
severity of the damage depends on the stage of dental 
development, as well as the dose and extension of 
the irradiated area.3 Prior studies have reported the 
effects of high radiation doses on rat incisors, such 
as delayed eruption and disturbances in secretory 
functions.4,5 However, few studies have quantitatively 
assessed the damage caused by irradiation to dental 
tissues during formation.
Radioprotective substances have been developed 
to protect against or minimize these unwanted 
deleterious effects on healthy tissues, and have become 
an integral part of patient care and enhancement 
of quality of life.6,7 These substances should not 
only have antioxidant properties, but also have 
anti-inflammatory and antimicrobial properties, be 
immunostimulants, stimulate cell proliferation, and 
not cause systemic toxicity.8
Different substances tested as radioprotectors 
include organic substances, such as resveratrol 
(3,5,4’-trihydroxy-trans-stilbene), which is a 
polyphenol belonging to the group of compounds 
called phytoalexins.9 This substance is synthesized 
by plants when stimulated by microbial infection, 
ultraviolet radiation, and ozone exposure.10 Grapevines 
(Vitis vinifera and Vitis labrusca) are among the species 
considered  as having a high potential for synthesis 
of the compound.11
Attention and interest in this substance have 
increased following evidence that resveratrol can 
prevent against, or at least delay, the onset of cancer, 
ischemic heart disease, chemically induced injury, 
diabetes, pathological inflammation and viral 
infection.12 Studies have been conducted regarding 
its radioprotective effect, and have shown positive 
effects, including the radioprotection of glandular 
and bone marrow cells.13,14
The effects caused by substances of different origin 
and radiation can be evaluated by several different 
methods, depending on the tissue of interest and 
the expected outcome. Currently, whole structures 
can be assessed in micrometer scale without sample 
destruction, owing to new imaging techniques, such 
as microcomputed tomography (µCT). The use of 
µCT allows the accurate appraisal of mineralized 
structures, as well as their volume, morphology and 
internal structure.15
Therefore, the aim of the study was to make a µCT 
evaluation of the radioprotective effect of resveratrol 
on the volume of mandibular incisors of irradiated 
rats, and also make a quantitative assessment of the 
impact of x-ray exposure on dental tissues.
Methodology
After receiving approval from the Animal 
Research Ethics Committee (CEUA/UNICAMP, 
protocol no. 2317-1), twenty 8-week-old adult male 
rats (Rattus novergicus albinus, Wistar) were obtained 
for the study. The animals were kept on a diet of food 
and water ad libitum, at 23°C room temperature and 
artificial lighting (light-dark cycles of 12 hours). The 
study was carried out in accordance with EU Directive 
2010/63/EU. The animals were randomly divided into 
four groups (n = 5): control (received no medication 
and no irradiation), irradiated control (received a 
single dose of 15 Gy irradiation), resveratrol (received 
resveratrol solution) and irradiated resveratrol 
(received resveratrol solution and 15 Gy irradiation). 
The sample size selection was based on the “resource 
equation” method. According to this method, an “E” 
value is measured, representing a degree of freedom 
of analysis of variance, and should lie between 10 
and 20. E can be measured by subtracting the total 
number of animals from the total number of groups. 
Thus, any sample size that keeps E between 10 and 
20 should be considered as adequate. The present 
study had an E value of 16.16
Resveratrol was prepared by diluting this 
compound in a 100% ethanol solution to a concentration 
of 50 mL/kg. The resveratrol/ethanol solution was 
then diluted in distilled water as follows: 0.05 mL of 
resveratrol (50 mg/mL) in 0.2 mL of distilled water 
to a final concentration of 10 mg/mL.
The medication was administered via enteral 
feeding, using a plastic catheter connected to a 3.0 mL 
syringe, to allow direct deposition into the stomach. 
Each rat received a dose of 100 mg/kg resveratrol, 
administered by gavage once every 24 hours for 
2 days before irradiation, and again on the day of 
irradiation, 30 minutes before exposure to radiation.14 
All the solutions were prepared immediately before 
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the experiments, kept in amber glass bottles, protected 
from light, and stored at room temperature.
All the animals undergoing irradiation were 
weighed and anesthetized by intramuscular 
administration of ketamine chloride and xylazine 
chloride solutions. Once anesthetized, the animals 
were placed on a linear accelerator with 18 x 30 cm 
collimation, and only the head and neck region was 
exposed to a single dose of 15 Gy x-ray radiation. 
After 30 days, all the animals were sacrificed and 
the mandibles were removed. The specimens were 
formalin-fixed for further examination.
The left hemi-mandibles were scanned by a 
microcomputed tomography scanner (SkyScan 1174, 
Kontich, Belgium), operating at 50 kVp and 800 μA, 
with a voxel size of 22.5 μm, 0.45 degrees rotation 
steps and 360 degrees rotation, using a 0.5 mm 
aluminum filter. The entire incisor was included in 
the field of view, and the images were reconstructed 
after acquisition, using NRecon software (SkyScan, 
Kontich, Belgium).
The reconstructions of the tooth images were 
imported into the Mimics software program (version 
16.0, Materialise Medical, Leuven, Belgium), segmented 
and analyzed by a single well-trained radiologist. 
The threshold was defined so as to include the teeth 
but remove any visible extraneous scatter, artifacts, 
and background. The volumetric region of interest 
(VOI) was cropped and narrowed to include only the 
region of the incisor comprised between the distal 
surface of the second molar and the digastric muscle 
insertion to the mandible (Figure 1).
After defining the boundaries, a combination of 
manual slice and threedimensional editing was used 
to obtain refined surfaces of the tooth segmentation. 
The resulting set of masks of the VOI was rendered 
into a shaded surface mesh by the same software 
program, and each segmented volume was calculated, 
according to the manufacturer’s recommendations.
After a one-month interval, half of the sample 
was reassessed to calculate the intraobserver 
reproducibility by Intraclass correlation coefficient, 
using MedCalc software, version 11.2.1.0 (MedCalc 
Software, Mariakerke, Belgium). One-way analysis of 
variance (ANOVA) was used to determine the overall 
differences among the volumes of the four groups. The 
test was performed using BioEstat software, version 
5.0 (Instituto Mamirauá, Belém, Brazil); p values < 0.05 
were considered statistically significant.
Results
The intraobserver reliability calculated by the 
Intraclass correlation coefficient yielded a value 
of 0.96, an excellent agreement rate according to 
ICC interpretation.
One-way ANOVA showed statistically significant 
overall differences. Tukey’s test was the chosen post 
Figure 1. Three-dimensional reconstruction of the entire mandible (A) and segmentation of the mandibular incisor (B) with the 
highlighted volumetric region of interest comprised between the second molar distal surface and the digastric muscle insertion to 
the mandible (pink region).
A B
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hoc test to confirm where the differences occurred 
between the groups.
Significant differences (p < 0.05) were found in 
comparing the control group with the irradiated 
control and the irradiated resveratrol groups, as 
well as the resveratrol group with the irradiated 
control and the irradiated resveratrol groups, 
evidencing the impact of x-ray exposure on dental 
tissues. The lowest volume of the incisor region 
was observed in the irradiated control group 
(Table 1). No significant differences (p > 0.05) 
were detected when the irradiated control and 
the irradiated resveratrol groups were compared, 
demonstrating a lack of resveratrol radioprotection 
to the teeth (Table 1).
The three-dimensional reconstructions (Figure 2) 
clearly show the volume difference among the groups 
and the conformation of the incisors. The irradiated 
control and the irradiated resveratrol groups presented 
tooth defects, as well as diminished size.
discussion
Pat ients  u nder radiot herapy t reat ment 
are vulnerable to harmful side effects, such as 
disturbances that can impact the development of 
teeth. Tooth development begins in the embryonic 
phase but is only complete after the first decade 
of life. During their developmental stages, the 
teeth are more susceptible to environmental 
disturbances, such as radiation, which can affect 
their normal development.17 In the present study, 
the mandibular incisor of the rat was chosen, 
because of its continued growth and constant cell 
proliferation in the odontogenic region, replicating 
the cell differentiation that occurs during tooth 
formation in humans.
The date chosen to sacrifice the animals was based 
on the continuous growth and eruption rate of the 
rodents’ incisors.5 A period of 30 days was chosen, 
because it is adequate to evaluate the formation and 
mineralization of irradiated dental tissues.  Moreover, 
after 30 days, the undifferentiated irradiated cells of 
the odontogenic region would then be positioned 
under the mandibular molars.
According to the present study results, radiation 
caused a significant defective formation of all 
mineralized materials composing the tooth structure. 
This alteration led to lower volumes of the evaluated 
mandibular incisor. Histological alterations in 
dental tissues caused by irradiation have been 
reported in prior literature.4,5,18 Nonetheless, the 
literature on the effect of these defects in the 
entire dental structure is scant. Mature enamel 
defects are important because of their relation to 
compromised aesthetic, masticatory functions and 
heightened susceptibility to caries.4
Among the large range of radioprotective 
substances that have been studied, resveratrol 
has received much at tent ion because of its 
antioxidant, anti-inflammatory, analgesic, antiviral, 
cardioprotective and neuroprotective actions.19 
However, in the present study, stat ist ically 
significant differences could be observed between 
the irradiated control and the irradiated resveratrol 
groups, demonstrating that resveratrol had no 
radioprotective effect on dental tissues. These 
findings are not in agreement with the positive 
effects previously reported in the literature, 
such as the radioprotection of bone marrow cells 
and even of normal uninvolved tissue in the 
head and neck region, as described by Xu et al.13 
and Şimşek et al.20 on the protection of salivary 
glands.14,19 These differences may be explained by 
the different types of cells that were studied, as well 
as the administration of the medication performed 
intraperitoneally in these studies.
The selected dose (100 mg/kg) is in agreement 
with research that found positive radioprotective 
effects, such as the studies by Carsten et al.14 and 
Şimşek et al.20 However, since no protection was 
Table 1.Volumetric mean values (±SD) of the region of interest 
according to the evaluated groups (mm3).
Volume
Mean SD
Control 849.4A 121.1
Irradiated control 475.0B 137.6
Resveratrol 984.9A 98.6
Irradiated resveratrol 539.6B 155.7
Different letters in superscript following values indicate statistical 
significance  (level of significance set at p < 0.05).
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observed in the present study, this dose may 
not be effective in dental tissues. In this sense, 
further investigation is needed to evaluate different 
concentrations and frequency of application of 
this substance specifically for dental tissues, in an 
endeavor to prove its potential as a radioprotector.
A positive finding of the present study was that the 
administration of resveratrol itself showed no potential 
to modify dental structures, as indicated by the similar 
volumes of the resveratrol versus control groups (p > 0.05).
µCT technology was the method of choice of this 
study, since it provides high-resolution images and 
is a reliable and innovative technique that allows 
the assessment of volume and density of hard dental 
tissues, even during development. Moreover, µCT 
allows this assessment to be made without destroying 
the samples , and minimizes artifacts caused by 
sample preparation.15 The positive outcomes of the 
research corroborate those by Dong et al.,15 who state 
that µCT technology is a feasible technique for dental 
tissue evaluation, because it allows a quantitative 
evaluation of the structure as a whole. Furthermore, 
this study sought to shed light on the importance of 
research using innovative technology and imaging 
modalities incorporated into animal studies, by 
contributing more information and performing 
three-dimensional views of structures and tissues 
without destroying the samples.
Conclusion
The results of the present study demonstrate the 
deleterious effect of x-ray radiation on tooth formation, 
resulting in the reduced volume of dental structures. 
It was also observed that the dose of resveratrol 
used in this study had no effective radioprotective 
impact on dental tissues. Future studies are needed to 
evaluate different concentrations of this substance in 
an endeavor to prove its potential as a radioprotector.
Figure 2. Three-dimensional reconstructions showing the differences in incisor volume among the groups: A- Control  group, 
B- Resveratrol group, C- Irradiated control group, and D- Irradiated resveratrol group.
A B
C D
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